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What may be most striking about the
new Go Direct Sensor Cart is that
students can obtain excellent
kinematic data with minimal lab
setup.

When performing a simple cart-on-a-
ramp experiment, only a track, a
Sensor Cart, and a device running
Graphical Analysis™ 4 app is required.
No additional detectors or interfaces
are needed. The cart has an
integrated encoder wheel that
records changes in position. Because
of this wheel, and unlike ultrasonic
motion detectors, there is no
possibility of spiking or noise from
other objects affecting the data. The
simple constant-acceleration
phenomenon can easily be observed
and graphed. Graphical Analysis 4
performs the derivative calculations
needed to get velocity, acceleration,
and even jerk.

Check out simple experiments and
sample data at
www.inds.co.uk/s/r181

Simple Experiments with Go Direct® Sensor Cart

Kinematic data from
a cart rolling freely
up and then back
down a ramp

VR157912T £229 VR157904T £229

VR157424T £134

With a wireless motion detector, you can easily explore
relative velocities, allowing students to confirm the
validity of the Galilean transformation at non-relativistic
speeds in the classroom. Combining the Go Direct Sensor
Carts with the Go Direct Motion Detector makes this
type of experiment possible.

Try a short relative velocity experiment using two Go
Direct Sensor Carts, each measuring its own position
relative to a track, and a Go Direct Motion Detector
mounted on one of the carts to measure its position
relative to the other cart.

Free experiment download available at
www.inds.co.uk/s/r184

Go Direct® Motion Detector
Makes a New Class of
Experiments Possible



NEW Introducing Physics
Explorations and Projects

Physics Explorations and Projects is
our new NGSS-aligned experiment
manual for physics that can be used
at all levels of introductory physics
courses. The format is guided inquiry.
You are provided with ideas for
introductory observations designed
to engage the students’ curiosity. Brief
student instructions are accompanied
by additional extensive instructor
information, including suggestions for
class discussion and example student
results. Each unit culminates in a
challenge or project, such as building
a Rube Goldberg machine or an egg
protection device.

The experiments are written for use
with any Vernier software platform,
whether you use Logger Pro® 3,
Graphical Analysis™ 4, or LabQuest®
App. Because each student group will
solve these inquiry-based tasks
differently, no step-by-step
instructions in procedure or software
use are possible or desirable.

Learn more at
www.inds.co.uk/s/134816

Pivot Interactives Olympian
Jessie Diggins is the runner in one of our Pivot
Interactives series of videos. She is a cross-
country skier and competed in the 2018 Winter
Olympic Games, in PyeongChang, South Korea.
She and her teammate, Kikkan Randall, made
history when they won gold medals in the team
sprint freestyle race and became the first
American women to win Olympic medals in
cross-country skiing.

Jessie also participated in five other Olympic
events and finished in the top seven in each of
them. She was even selected to carry the US
flag during the Winter Olympics closing
ceremony. Congratulations, Jessie!

Sign up for a free trial of Pivot Interactives at
www.inds.co.uk/s/pivot

By Jeff Groff, Shepherd University

During the summer of 2017, I taught a
course on the ecology, geology, and
cultural significance of the greater
Yellowstone area. My students and I
took a FLIR ONE® thermal camera and
an iPad® loaded with the Vernier
Thermal Analysis® Plus app on a field
excursion to Yellowstone to record
thermal imagery of hydrothermal
features. Above, a true-color image
and a pseudocolor thermal image of
one of Yellowstone’s most famous hot
springs, Morning Glory Pool, are
shown side by side. The thermal image
clearly reveals a higher temperature
near the center of the pool, where the
water is deeper and fed beneath the
surface by superheated water, and a
lower temperature near the shallower
edges of the pool. The true-color
image reveals a pattern of colors that
correlates with the temperature
gradient. The different colors are
different species of thermophilic

(heat-loving) bacteria that form thick
mats and streamers in the pool.

These thermophiles flourish in
hot water, even water over 80°C. One
such thermophile is the bacteria
Thermus aquaticus, which was
discovered in Yellowstone in 1969 by
Thomas D. Brock and Hudson Freeze.
Thermus aquaticus is the source of a
heat-resistant form of the enzyme
responsible for synthesizing DNA
called Taq polymerase. Discovery of
Taq polymerase allowed development
of polymerase chain reaction (PCR)
DNA amplification technology, a
cornerstone of modern molecular
biology. Taken together, the thermal
and true-color images reveal that
each species of bacteria prefers a
specific temperature band, which
determines how close to the edge of
the pool each species establishes
itself.

For more, visit
www.inds.co.uk/s/r185

Thermal Imaging of Yellowstone’s
Hydrothermal Features

Image credit: Andrew Myers, student at Shepherd University

INNOVATIVE USE Thermal Analysis Plus
New app version supports
FLIR ONE PRO and
FLIR ONE Gen 3 cameras.

PLUS
VR134824T £49

VR134816T £62

Electronic
Version

Printed
Lab Book



INNOVATIVE USE

Investigating Intermolecular Forces
Using the Mini GC Plus

Taking full advantage of the Vernier Mini GC Plus, William
Patrick Cunningham, from Claudia Taylor Johnson High
School in San Antonio, Texas, designed an innovative
experiment in which students study intermolecular forces.
The experiment uses different alcohols to demonstrate
how variations in molecular structure and molecular mass
affect the speed at which a molecule’s vapor passes
through the chromatography column. Students investigate
the effect of intermolecular forces on boiling point by
testing a mixture of the two alcohols, n-butanol and
ethanol. At the end of the experiment, students apply
their understanding of intermolecular forces to provide an
explanation for the differences in the boiling points and
use data to support their answers. William recently
published this laboratory experiment in his article
“Studying Intermolecular Forces with a Dual Gas
Chromatography and Boiling Point Investigation” (William
Patrick Cunningham et. al., J. Chem. Educ., 2018, 95 (2),
pp 300–304). Detailed lab procedure and sample data are
available in the Supporting Information through the
Journal of Chemical Education.

Spotlight on a New Inquiry-Based
Experiment for Spectroscopy
Are you interested in spectroscopy but don’t know where
to begin? You are in luck! We’ve recently designed a new
experiment, “A Guided Inquiry Approach to
Understanding Fluorescence Spectroscopy,” to help
students understand what goes on inside the “black box”
of a spectrophotometer. This experiment, which can be
done with either a Go Direct® SpectroVis® Plus
Spectrophotometer or our Vernier Fluorescence/UV-VIS
Spectrophotometer, has four parts that build upon each
other. This allows you to decide what level is right for
your students and lets students learn at their own pace.
The design also helps to break down spectrometer data
collection into manageable chunks, so students are able
to gain confidence with the use of the instrument and
then quickly move on to focusing on the science.

This experiment is available as a free
download at www.inds.co.uk/s/r1813

As part of the investigation of a crime scene, detectives note that a white
powder is found at the location. Even though they have their suspicions,
chemical and physical analyses must be performed to determine the identity
of the powder. That’s where the crime scene technicians take over.

In this experiment, students analyze a white power by
employing laboratory techniques similar to those
practiced by forensic scientists. Students use Vernier
technology to analyze the physical and chemical
properties of the powder in order to determine its
composition. They measure the melting point of the
powder with the Go Direct Melt Station and the pH and
conductivity of solutions of the white powder using the
Go Direct pH Sensor and Go Direct Conductivity Probe.
Students also observe chemical reactions of the powder
with iodine and acidified iron(III) ion solutions. After
comparing the physical and chemical properties of the
mystery powder to known chemicals provided by the
teacher, students report their observations and
conclusions. Note that this experiment can also be done
with LabQuest versions of the sensors.

Download the experiment at www.inds.co.uk/s/r1814

Forensic Chemistry: Analysis of a Mystery Powder

Melting graph for unknown mystery powder from a crime scene

Chromatogram of an equimolar ethanol and n-butanol mixture



INNOVATIVE USE

A New Take on Angle of Insolation
Paul Osuna, science teacher at Rancho Del Rey Middle
School in Chula Vista, California, sent us a new take on the
“Angle of Insolation” experiment found in several of our lab
books. His intent is to eliminate the concept of Earth’s tilt
from the experiment and focus solely on the effect of
latitude. In his variation, a Light Sensor is placed at various
angles in relation to a lamp, simulating the angle of the
surface of the Earth at various latitudes in relation to the
sun. A Go Direct® Light and Color Sensor could also be
used.

Sample data from Osuna’s experiment illustrate the
intensity of the sun at the equator, 0°, and how quickly
intensity drops off near the poles, 90° and –90°. Both
incandescent bulbs and LEDs were tested.

In Osuna’s version of the experiment, students also use a
Voltage Probe to measure the output of a small solar panel
placed at these same angles and get similar results.
A Go Direct® Voltage Probe could be used in the same
way.

Download the free experiment at
www.inds.co.uk/s/r1819

Effect of angle on illumination, simulating the angle of insolation

Aquatic plants undergo photosynthesis and cellular
respiration much like terrestrial plants. Oxygen dissolves
into water when aquatic autotrophs release oxygen as a
byproduct of photosynthesis.
Dissolved oxygen can be measured directly to determine if
aquatic plants undergo photosynthesis or cellular
respiration in different conditions.

In this experiment, students use a Vernier Optical
Dissolved Oxygen Probe or Go Direct® Optical Dissolved
Oxygen Probe to measure the dissolved oxygen produced
by aquatic moss. Aged tap water and a golf-ball-sized ball
of moss are added to a 250 mL Nalgene®  bottle. The
bottle is then exposed to a high-intensity plant light or
wrapped in aluminum foil to prevent light from reaching
the plants. Students can see results in 15 minutes, allowing
this activity to be completed in a single 45-minute class
period. After data collection, students calculate and
compare the rates of oxygen production (or consumption)
in each condition.

Download the experiments at www.inds.co.uk/s/r1818

Aquatic Photosynthesis and Cellular Respiration

Complete Biology Solution
Using Go Direct® Sensors
With the release of new Go Direct sensors, biology
instructors now have an easy solution for their ever-
changing technology needs in the classroom. The
versatility, ease of use, and cost of Go Direct sensors make
them an ideal fit for any biology or life science course.

Go Direct sensors connect directly via USB or Bluetooth®
wireless technology to Windows® and macOS® computers,
Chromebook, and iOS and Android™ devices. The sensors are
supported by our free Graphical Analysis™ 4 app and can be used in
more than 30 biology experiments from our updated lab book,
Biology with Vernier, 4th Edition— now available electronically, in
addition to the traditional print format.

To see the full list of sensors and to download a free
sample experiment, visit www.inds.co.uk/s/r1816



Software Updates

We regularly release software updates to support new sensors, add new features, and fix the occasional bug.
Keeping up to date with software releases is one way to keep things running smoothly in your classroom or lab.
Have you updated your Vernier applications in the last few months?
Updates are free, and with the shipping of new Go Direct sensors, we’ve released updates for nearly all our
software.

For updates to Logger Pro for macOS and Windows, as well as for LabQuest App, visit
www.inds.co.uk/s/downloads

Graphical Analysis 4 on macOS and Windows detects the availability of an update and notifies you with a red dot on
the overflow menu.

To update Chrome, iOS, and Android applications, including Graphical Analysis 4 app, search the appropriate app
store.
Updates will eventually be applied automatically, but you can be sure of the current version by deleting and
reinstalling the app.

Go Direct Sensors

No Interface Required!
Wireless or USB—the versatility is built into the sensors so you have the flexibility to choose. Go Direct sensors connect
directly to student computers, Chromebooks, or mobile devices so there’s no interface needed. That’s freedom, versatility,
and boundless opportunity.

Go Direct sensors are perfect for educators who:

● Are new to probeware

● Plan to equip a new science laboratory

● Need an affordable solution that includes free
software and all-in-one sensors

● Are using computers, Chromebooks, and mobile
devices for data collection

Teacher Friendly, Student Centred

● Free Graphical Analysis™ 4 app

● 30 new Go Direct sensors

● Backed by excellent service from IDS

● Supported by over 100 labs in our fourth edition of
Chemistry, Physical Science, and Middle School
books

For more information, please visit www.inds.co.uk/s/godirect
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Learn more at
www.inds.co.uk/s/pivot

Preparing Students for
the AP* Physics Exam?
We can help. With Pivot Interactives, your students have
access to high-quality videos of hard-to-replicate phenomena.
Within the online environment, students can vary experimental
variables, take careful measurements, and enter responses
to activity questions.

* AP and Advanced Placement Program are registered trademarks of the College Entrance
Examination Board, which was not involved in the production of and does not endorse this product.

Biology Chemistry Physics

To request a catalogue, please go to www.inds.co.uk/s/catalogue

Request a Catalogue


